Bâtir une économie à faibles émissions de carbone posera des défis au secteur canadien des combustibles fossiles, mais cela présente également des occasions à saisir sur le marché des biens et services à faible teneur en carbone. Les défis varieront selon les types de biens et services. La concurrence sur le marché des biens et services à faible teneur en carbone sera dure, et, à cause de la mobilité du capital, maintenir un avantage comparatif sera difficile. C'est en tenant compte de ces défis que je propose, dans cet article, trois questions aux Canadiens qui souhaitent bâtir un avenir plus vert en matière de carbone. Première-ment, quelle importance aura le marché des biens et services à faible teneur en carbone ? Deuxièmement, quels sont les atouts qui pourraient aider le Canada à se tailler une place sur ce marché ? Et, troisième-ment, quels rô les le secteur actuel des ressources naturelles au Canada peut-il jouer dans une économie à faibles émissions de carbone, et quelles stratégies peuvent permettre de maximiser la valeur de ces ressources ?
Introduction
That the countries of the world will, at some point in the future, act significantly to reduce greenhouse gas emissions seems inevitable. What is not known is what that action will entail, who will lead and who will follow, and when action will occur. We can use sophisticated models today to map out potential scenarios for a lowcarbon economy, domestically or internationally, but we must understand that these scenarios do not identify either sufficient or necessary conditions for a global lowcarbon economy when their results are analyzed at the regional, national, or subnational level. In other words, even if we knew with reasonable certainty what the outcome of action would be in terms of global emissions trajectories, there is a large set of policies which could deliver that outcome, each having different implications for individual regions and countries. As a result, we are unlikely to be able to provide satisfactory or generalizable answers to questions of what a low-carbon economy will look like, and what opportunities and challenges such a system presents for Canada.
Moving to a low-carbon future will create challenges for Canada's fossil-fuel industries, but opportunities in the form of a new market for low-carbon goods and services. The challenges for the resource sector will vary across commodities, but successfully transitioning to a low-carbon world will likely create an opportunity for natural gas that may offset some of the difficulties in oil and coal. Competition in the new market for low-carbon goods and services will be tough; sustained competitive advantage will be difficult to maintain due to capital mobility. The best chance for success will arise if we enable the factors needed to obtain a competitive advantage such as skilled labour and scale economies.
With these challenges in mind, I propose three questions for Canadians looking ahead to a low-carbon future. First, how large will the market for low-carbon goods and services be? Second, where are Canada's competitive advantages likely to lie in serving these markets? Finally, what are the roles for Canada's existing natural-resource industries in a low-carbon economy, and what are the strategies to maximize the value of these resources? This paper seeks to frame the discussion of these questions.
The Market for Low-Carbon Goods and Services
There is no shortage of estimates suggesting that the global market for low-carbon technologies will be large. McKinsey research from Hoffman and Twining (2009) showed that to meet low-emissions pathways consistent with keeping climate change to less than 2 C, ''investments will be needed of about @475 billion annually: @350 billion per year for 2010-20, and @595 billion per year for 2021-30.'' In similar research, Comette, Woynillowicz, and Whittingham (2013) cite work from Analytica Advisors which finds that the global cleantechnology industry is currently worth approximately US$1 trillion, and projects growth to US$3 trillion per year by 2020. In its 2012 report on Embracing the Lowcarbon Economy, the National Roundtable on the Environment and the Economy (NRTEE) estimated that, ''global spending (on low-carbon goods and services) could reach between $3.9 and $8.3 trillion by 2050, depending on climate policy assumptions. '' The NRTEE (2012, 18) applied analysis directly to Canada, citing estimates that ''annual domestic spending on low-carbon goods and services could rise from the $7.9 billion estimated for 2010 to $36 billion in 2050.'' The NRTEE noted that climate policies consistent with the stated, long-term goals of the Harper governmentto cut emissions by 65 percent from 2005 levels-would lead to an even larger domestic market for low-carbon goods and services, ''of roughly $60 billion in 2050.'' In short, if one expects that global and domestic policies will address climate change and domestic emissions, one should expect significant growth in the abatement industries that provide solutions. While these are certainly large numbers-equivalent to roughly half the contribution of construction to Canada's GDP todaythey must be taken in the context of the size of the Canadian economy of nearly $2 trillion annually, and in particular with the recognition that other sectors would be reduced. In particular, the mining, quarrying, and oil and gas sector today accounts, even with the recent reduction in commodity prices, for more than $130 billion in GDP (Statistics Canada 2016) .
New opportunities within the low-carbon economy are best classified into three categories: direct abatement technologies, efficiency improvements, and new energy technologies. For the purposes of this analysis, abatement technologies are those that enable solutions such as carbon capture and storage, or electric vehicles. Efficiency improvements are a much broader set of technologies, including more efficient lighting and heating appliances, hybrid vehicles, or solvent-based extraction for oil sands. New energy technologies, principally wind and solar but also next-generation hydro and fastbreeder nuclear technologies, provide low-or no-carbon electricity, while improvements in biofuel technology can provide negative-, low-or no-net-emissions alternatives for liquid fuels. It is probably easiest to include new energy storage technology under this umbrella as well, as its low-cost storage will be an enabler for intermittent renewable energy sources.
The markets for technologies in each of these three baskets will vary based on both the policies imposed to combat climate change and the degree to which technological progress takes hold in each area. The evolution of low-carbon goods and services in Canada depends on these factors largely through global demand, as well as through Canadian policy that could drive domestic demand.
Analysis in the Intergovernmental Panel on Climate Change (2014) 5th Assessment Report (WGIII) shows that changes in the deployment of low-carbon energy will have to be most important in the transportation sector, where the market share of low-carbon alternatives is predicted to jump from effectively nil today to almost 40 percent under the most stringent abatement scenarios. Conversely, buildings and industry already benefit from significant penetration of low-carbon technologies today, mostly from reliance on hydro and nuclear power, but we would still expect to see further penetration both via further electrification and via the maturation of technologies such as LED lighting and rooftop solar power.
What position can Canada take in these markets? In transportation, our reach today is rather limited, although firms such as Westport are developing and deploying natural-gas vehicles, and provincial policies have subsidized the purchase of electric vehicles. In terms of global, low-carbon electricity supply, our potential, outside of supply to ourselves and to the United States, is small. While electricity storage is improving rapidly, the idea that electricity could be cost-effectively stored and transported over long distances is far-fetched, as is significant electrical transmission across oceans. Further, Canada's electricity grid is already largely decarbonized, with significant shares for reservoir hydro and wind, and so the potential for significant domestic de-carbonization is limited compared to other markets. 1 While some opportunities for domestic deployment of lower-carbon technologies certainly exist, greater potential for growth exists both in the area of electricity exports to the United States and in the area of technology and service provision to the global low-carbon industry. Here, the key question that must be asked is how Canada is positioned to compete globally, and in what areas.
The competitive advantage provided by a jurisdiction's resource endowment is relatively easy to see, at least when production costs are transparent. It is also easy to see that advantage change or disappear. Consider a recent example of the value of one of Canada's major energy exports: electricity. Quebec exports electricity mostly west to Ontario and south to the northeastern United States, and both markets have been transformed by both policy and technology, although not necessarily low-carbon technology, in recent years. With the rapid increase in shale-gas production in the United States, prices for natural gas have collapsed, from prices that averaged almost $10/MMBtu in 2008 to a 2014 average of just over $4/MMBtu (see price data for Henry Hub, available from sources including the US Energy Information Administration 2014)-a drop of well over 50 percent before accounting for inflation. This change has had a profound impact on electricity markets, and along with this it brought a substantial reduction in Quebec's cost advantage in peak-hour electricity sales-average hourly electricity values at the export point to New York dropped from almost $65/MWh in 2006 to under $30/MWh in 2015, in nominal terms (Bloomberg 2016) .
Regional competitiveness in conversion technology is more difficult to assess and to maintain. For example, with a resource base like the oil sands, a company cannot decide to pick up the operation and move it to a more favourable jurisdiction; they may choose to relocate their investments, but the resource remains in place. With conversion technology, there is little that is not mobile, and this is an important point for extracting rents to replace potentially lost resource revenues. This is, of course, not exclusive to clean-energy technology.
A useful example for understanding the importance of capital mobility is the history of the Commodore computer company, the parent of which was founded in Toronto in 1954 as the location for the manufacture of Czech-designed typewriters. In 1976, before the company's major breakthrough with the introduction of the Commodore 64 home computer, the company left Toronto, relocating its headquarters to more tax-friendly Bahamas and its manufacturing and head-office functions to the United States.
What can we learn from the Commodore 64? It's certainly only an anecdote, but in this context it is useful. Commodore is exactly the type of story often described in discussions of the new, green economy where a company can develop a world-leading technology and capture a dominant share of a new and growing market. That's certainly true, and there are many long-term success stories in the technology realm, but there are also many failures. One could tell much the same story with Blackberry, Nortel, Corel, and other companies once viewed as anchor industries in their respective host cities. Unlike the case with finite resources, where companies compete to pay for the right to develop resources, governments often compete, through tax holidays or other incentives, for the location of technology firmsthis was most recently evident in the 2014 competition for the location of Tesla's gigafactory. In such a situation, the owners of the technology are able to extract the value of their presence from the governments in those locations-the exact opposite of companies competing for the right to extract scarce resources.
Technology also moves quickly. Like the early computers, solar power technology is rapdily decreasing in cost and increasing in efficiency. In its 2014 Annual Energy Outlook, the US Energy Information Administration lists the levelized cost of solar photovoltaic power at 130c/kWh, while the same report from 2010 had an estimate of 396c/kWh. In other words, the companies that are able to produce panels capable of generating power at world-leading costs in 2010 would not be able to sell the same panels today.
Technology is fast-changing and mobile. In a realm such as the technology related to new sources of energy, as well as to fields like building automation, HVAC systems, and process automation, it seems that the best solution may not be technological at all. Canada's advantage is likely to come from two things: a skilled workforce and agglomeration economies. Skilled workers can transition from one technology to another, and the encouragement of agglomeration economies-a critical mass of firms-makes it more likely that the ''next big thing'' will be built in Canada.
Canada's Hydrocarbon Resources in a Low-Carbon Economy
The second area of interest in a low-carbon economy is the degree to which our existing natural-resource sectors may or may not thrive in a world with significant efforts to reduce GHG emissions, as well as how rents as opposed to economic activity will be foregone in the process.
Canada's Oil Resources in a Low-Carbon Economy
Canada's oil industry is in a challenging period, with low prices prevailing since mid-2014. This price decline, driven mostly by newly discovered supplies of light oil, has stalled expansion in Canada's oil sands and stemmed a rebound in our conventional resources. Against this backdrop, we should consider what the future holds for oil, and in particular oil sands, in a world with significant decarbonization of the energy sector, such as the International Energy Agency's 450ppm scenario. In the IEA (2015) 450 ppm scenario, there remain significant oil production and robust oil prices in the near term. By 2035, the world is estimated to produce and consume roughly 75 million barrels per day of crude oil and liquids, at a price of $100 per barrel in inflation-adjusted 2012 dollars. That translates to a $2.75-trillion-per-year global industry, roughly 70 percent of the industry's size in 2011. The questions for Canada, if that view of a carbon-constrained world is accurate, are what share of that market will be occupied by oil sands, and how will this market translate into changes in government revenues from Canada's significant oil resources.
It should be noted that there is significant uncertainty in the literature as to the importance of oil sands in a low-carbon world: oil sands are a marginal resource, so small changes in assumptions can lead to large changes in forecast oil production. In similar analyses, McGlade and Ekins (2014) and the IEA (2010) both find the potential for substantially more oil sands production (4.1 and 3.3 million barrels per day by 2035 respectively), while McGlade and Ekins (2015) predict almost no oil-sands production beyond 2020. The key determining factors for oil-sands viability in the presence of stringent global carbon policy will be the price of oil globally, which prevails in response to that policy and the cost of low-carbon extraction technology. For example, a key difference between the two McGlade and Ekins papers is the long-term economic viability of oil sands produced with carbon capture and storage.
Technology is important, but the key question with respect to the viability of oil sands, and to a lesser degree the viability of Canada's other oil resources, in a low-carbon world is the degree to which these oil prices, net to producers, remain high. It is possible to paint a picture, as the IEA has, of a low-carbon world with sustained oil prices above $100 per barrel, adjusted for inflation. These prices far exceed the assumed future prices on the basis of which any existing oil-sands project has been sanctioned. As a result, it is difficult to see why operators would forgo returns that are still well above the opportunity cost of capital by leaving oil-sands projects undeveloped if prices evolved as predicted in the IEA 450ppm scenario. However, there is significant dispute over the degree to which oil prices would remain robust to higher carbon prices and or demandside measures. If oil prices dropped, and if this were combined with more aggressive domestic policies, investments would certainly subside. Given the current oil-price situation, with global light-oil benchmarks in mid-2016 seeing prices still below $50 per barrel, prices of $100 per barrel in real terms after the imposition of stringent carbon policies globally seem unlikely.
Canada's Natural Gas Resources
Our focus has, perhaps correctly, been shifted to oil sands and the potential for global climate-change policies to disrupt growth in oil-sands profits and taxes. There is potential for this to occur, but some of this shift may be offset by mid-term increases in natural-gas demand. Low-carbon scenarios frequently involve natural gas as a bridge fuel, particularly as an alternative to coal in Asia. Consider that, in the IEA 450ppm scenario, natural gas sells for an inflation-adjusted price of $12-15/ MMBtu, with an annual global market worth about $1.7 trillion-120 percent of 2011 quantities at prices comparable to those currently offered in the highestprice markets in the world. McGlade and Ekins (2015) perform a meta-analysis confirming that most studies show significant increases in natural-gas consumption over the next two decades under 450ppm carbon concentration constraints, with the median prediction remaining flat after 2030 through 2050.
Rising natural-gas consumption in response to global carbon constraints presents an opportunity for Canada given our vast resources and geographic proximity to Asia. Canadian gas resources are currently isolated from the highest-value markets in the world, and that may change significantly with the advent of new LNG facilities. However, there is a caveat here: natural gas does play an important role in most scenarios of global transition to low-carbon growth, but global demand is still lower in low-carbon scenarios than in unconstrained scenarios; gas is hit less hard than oil, but it's still hit hard. Under the IEA 450ppm scenario, natural gas demand will be lower in 2035 by about 20 percent relative to the Current Policies scenario, to which most production forecasts currently cited in Canada are analogous. There is the potential for a liquefied natural gas (LNG) overbuild if market conditions do not materialize as expected. LNG terminals are arbitrage bets, relying on the price difference between tidewater gas and domestic gas for their business proposition. In a low-carbon world, three things of importance could happen: first, the United States and to a lesser extent Canada would see more natural gas as a share of the power market; second, we would probably see domestic demand for natural gas for oil-sands production decrease relative to expectations; third, we would see lower global demand for gas than would otherwise exist, but higher demand than today. These three effects are somewhat countervailing, so it is not obvious whether LNG potential from Canada would be larger or smaller in a low-carbon future, or whether this would imply a markedly higher net value of Canadian gas resources.
Canadian Coal Resources
The coal story in IEA (2014) and other low-carbon scenarios is very different from oil or gas-under the IEAs 450ppm scenario, coal use will drop over 50 percent from current levels by 2035-a much steeper drop than the 20-and 30-percent reductions in oil consumption under the 450ppm scenario relative to today. Coal would still remain a significant energy source, but even at constant prices, the market would be approximately $360 billion per year. It seems that any analysis of a lowcarbon economy would see a significant reduction in both coal prices and coal use for power generation, but there are currently few real rents from coal.
Conclusions
The purpose of this volume is to discuss Big Ideas with respect to Canada and the low-carbon economy. While this paper may appear to concentrate on some smaller details rather than big ideas, I think there are three key issues that emerge.
First and foremost is the question of the competitive advantage provided by resource endowments. It is important to assess the opportunities that will exist, in new markets both for low-carbon goods and services and for hydrocarbons. However, it is also important to consider the degree to which these new conditions remove comparative advantage from sectors of Canada's economy.
Different levels of mobility of intellectual, physical, and resource capital are important to consider as well. Resource rents are earned because of scarcity and immobility: industries cannot decide to relocate the oil sands to another jurisdiction, while they can relocate processing. Market power also plays an important role, as relatively few countries have investable hydrocarbon reserves; the role of OPEC in oil markets is a prime example here. Rents from low-carbon energy resources such as wind and solar are likely to be lower in part because they are less scarce and in part because they are more widely distributed, yielding lower opportunities for market power. Perhaps technologies will evolve that will make unique renewable resources, such as the Fundy tides for example, extremely valuable, so this is not a fully generalized conclusion. It is likely to be more difficult for governments to capture the rents in manufacturing or technology industries as a result of capital and intellectual property mobility. In fact, it is more likely that the owners of technology will be able to extract payments from governments in return for locating facilities in a particular jurisdiction, as we have seen with Tesla's gigafactory, for example.
Finally, it is important that we recognize the value currently generated by our resource industries, as well as their economic and employment impacts. While estimates of the potential size of the green economy are great, the size of our resource economy today is large and at significant risk. While this paper has not dealt with it to any great degree, the Big Ideas may actually lie in those innovations that combine the green economy with our traditional resource economy-bringing our resources to market at lower costs and with lower environmental impact. 
